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(54) Optical system having at least one tilted Mangin mirror 

(57) Optical systems incorporating one or more tilted Mangfn mirror 10 components comprise a converging 
lens arrangement 12 to receive the emergent beam from the mirror component to form an image. Aberrations 
from the mirror may be corrected by selection of a converging arrangement having aberrations of opposite 
sign. An eyepiece 22 is shown. 

The eystema may be employed in telescopes as shown, photographic lens arrangements end copying 

systems. 
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Optical Systems 



The present invention concerns optical systems, and 
relates in particular to lens systems incorporating a 
tilted component. 

Long focus lenses of the type used in photography 
and television may be conveniently divided into two main 
types, refracting and catadioptric (refracting./ 
reflecting). Refracting systems suffer from a residual 
chromatic aberration known as secondary spectrum due to 
the fact that a lens of a single material will bring light 
of different wavelengths (colours) into focus at different 
points (that is, there is a change in refractive index 
with wavelength). This causes a loss in image quality. 
The problem can be minimised by using a lens combining two 
different optical materials. However, this does not 
provide a complete solution to the problem, even with the 
best available materials. Moreover, one such material, 
calcium fluoride, is particularly expensive and fragile 
and thus far from ideal in practical terms. 

Catadioptric systems employ combinations of lense6 
and . mirror components. In the usual photographic systems 
a Significant drawback is that a secondary mirror must be 
looted in the optical path. This causes a loss of image 
4;q:ffcrast and, more significantly, prevents the use of the 
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u6 ual iris diaphragm'. In addition, as the lens aperture 
is annular, any out of focus areas of the image appear as 
ri ngs. The use of mirrors in these lenses also introduces 
problems caused by scattered light, which cannot slways be 
' prevented from reaching the photographic film. 

in this specification, the term "Mangin mirror" is 
t0 be understood as an optical component consisting of a 
le ns having a convex face and e concave face, and a mirror 
6urf ace on one side, such that light passes through the 
ians to the mirror, and is reflected back through the 
iens. The term "thin" when applied to a Mangin mirror is 
intended to denote a component the thickness of which at 
the axis is at least an order of magnitude less than 
either radius of curvature. A Mangin mirror for which the 
thickness at the axis is comparable to the radii of 
curvature is described herein as a thick Mangin mirror. 

According to the invention there is provided an 
optical system comprising at least one tilted thin Mangin 
mirror component having zero total power, the or each 
roirtor component being arranged to receive an incident 
Hglt beam from an object and thereby produce eh emergent 
li'ght beam, the incident and emergent beams being symmet- 
: ' : t ^l with respect to the axis of the mirror component, 
.: anjdte converging lens arrangement, the lens. arrangement 
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receiving the emergent beam from the mirror component or 
components to form an image. 

The or each Mangin mirror component may comprise 
either a single element or two elements cemented together. 
Each element may be of a different optical material. The 
materials may be chosen to render the Mangin mirror 
achromatic. 

One preferred system includes a single Mangin mirror 
having its mirror surface on the convex side thereof. 

Preferably the incident beam is a parallel beam, 86 
is the emergent beam. 

The system may further include an eyepiece. 

The converging lens arrangement may comprise one or 
more lens elements. 

The Mangin mirror component and the converging lens 
arrangement may be of the same or of different optical 
materials. Where there is more than one lens element in 
the converging arrangement, these may be of the same or of 
different optical materials. 
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The system may include a diaphragm. The diaphragm 
may be an iris diaphragm. 



The system may include a plane 



mirror . 



According to the invention there is further provided 
an optical system comprising at least one tilted thick 
Mangin mirror component having non-zero total power, the 
or each mirror component being arranged to receive an 
incident light beam from an object and thereby produce an 
emergent light beam to form an image, the incident and 
amergent light beams being symmetrical with respect to the 
axis of the mirror component, and a converging lens erra- 
ngement, the lens arrangement receiving the emergent beam 
from the mirror component or components to form an image. 

The or each Mangin mirror component may comprise 
either a single element or two elements cemented together. 
Ealh element may be of a different optical material. The 
ni&rials may be chosen to render the Mangin mirror 
achromatic . 

1§!' One preferred system includes a single Mangin mirror 
.i^&n.. its mirror surface: on cth.e convex side thereof. 
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purposes of illustration only with reference to the 
accompanying, drawings in whichs- 

Fig. 1 is a simplified diagrammatic representation 
of a lens system of the invention for use in a telescope; 

Fig. 2 is a simplified diagrammatic representation 
of a system of the invention for use in a long-focus 
photographic lens; 

Fig. 3 is a simplified diagrammatic representation 
of a system of the invention for use in a copying system; 

Fig. 4 is a simplified diagrammatic representation 
of an alternative copying system; 

Fig. 5 is a simplified diagrammatic representation 
of a system similar to Fig. 1 but employing two tilted 
components; and 

Fig. 6 is a simplified diagrammatic representation 
similar to Fig. 2 of a further system of the invention. 

Referring to Fig. 1, there ie shown an optical 
system for a simple two-element telescope. The principal 
components of the system are a thin Mangin mirror 10 and 8 
converging lens 12. The mirror 10 consists of a diverging 
meniscus lens 14 having a concave surface 16 and a convex 
surface 18. The convex surface 18 is provided with a 
reflective coating 20. The thickness of the lens element 
14 at its axis ie small in comparison to the radius of 
curvature of either face 16,18. The lens 12 is a simple 



bi-convex lens. The system further includes en eyepiece 
22, which may be of e modified Remsden type. 

A parallel beam of light from a distant object (not 
sh own in the drawing) is represented in Fig. 1 by the 
parallel rays 2*. The beam ia incident on the face 16 of 
tbe Mangin mirror 10. The bean, passes through the lens 1A 
to the face 18, where it is reflected by the coeting 2.0. 
The beam thus passes back through the lens 14, and emerges 
as a parallel emergent beam, represented in Fig. 1 by the 
r ays 26. It will be noted that the incident beam and the 
emergent be™ are symra etricel with respect to the axis of 
th, Mangin mirror 10. The emergent beam defined by the 
ra ys 26 forms a parallel incident beam to the lens 12. 
The resultant emergent beam from the lens 12 is represen- 
ted in Fig. 1 by the rays 28. The beam then paeaea 
through the eyepiece 22 to an observer. 

The Mangin mirror 10 gives rise to overcorrect ed 
spherical and chromatic aberrations. The selection of a 
converging lens system (in this case, the lens 12) having 
correspondingly undercorrected aberrations will result in 
agination in which the aberrations are cancelled. The 
-•se^iction of appropriate components will be familiar to a 
pe i|bn skilled in the art. If the lenses 12 and 16 are 
ee # formed from the same optical material, the secondary 



spectrum of the combination may be. reduced by at least an 
order of magnitude as compared with a normal achromatic 
lens. The use of a different optical material for each 
lens can reduce the aberration still further. 

In the system shown in fig. 1. the tilt angle of the 
Msngin mirror 10 is not critical, for moderate tilt 
angles, for example 10% a thin Mangin mirror of zero 
total power produces no astigmatism. The Msngin mirror 
produces no coma provided that the incident and emergent 
beams of the mirror are symmetrical. Lateral colour of 
the image is compensated by the eyepiece. 

fig. 2 illustrates a ayatem for use in a long focus 
photographic lens. The system includes e thin tilted 
Mangin mirror 10 as described hereinbefore with reference 
to Fig. 1, and corresponding features in Fig. 2 have been 
designsted with like reference numerals. The system of 
Fig. 2 has a converging lens arrangement consisting of two 
components, 12A and 12B. The lens 12A is a simple bi- 
convex lens. The lens 12B is concave. The system also 
includes a plane mirror 30 end a conventional iris dia- 
phragm, at a position indicated in Fig. 2 by the arrows D. 
The photographic film ie located at the focal plane AO of 
the 6yetem. 
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A distant object (not shown) gives rise to a para- 
He! incident bean,, shown in Fig. 2 by the rays 32. The 
incident bee. first strikes the plane mirror 30, resulting 
in a parallel reflected bee* designated by the rays 34. 
Th ; 6 parallel bee. is incident on the the Mangin mirror 
,0, which in torn givea riae to a parallel emergent beam, 
designated 36 in fig. 2. The bean, then passes through the 
converging lens errengement 11.11* and reaches a focus at 
the focal plane 40. 

As with the system of Fig. 1, the thin Mangin mirror 
of zero total power produces no astigmatism for moderate 
tilt angles, and no coma whilst the incident and emergent 
lig „t beams are symmetrical. As before, the Mangin mirror 
10 producea overcorrected apherical and chromatic 
aberrations, which may be cancelled by utilising a 
converging system having correspondingly undercorr ec ted 
aberrations. Each of the lena elements 12A.12B and 14 may 
be formed from the same or from different optical 
materials. It will be appreciated that the system of Fig. 
2 has no central obstruction to prevent the use of the 
conventional iris diaphragm. 

! Fig. 3 shows an optical system suitable for use in 
copying applications. A thin Mangin mirror 10 is combined 
with two similar converging ayatema to give. 1:1 imaging. 
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In the system illustrated in Fig. 3, each converging 
system comprises a single bi-convex lens 50A,50B. The 
lenses 50A,50B are symmetrically disposed with respect to 
the axis of the Mangin mirror 10. A point object is 
located on a plane 0 at a finite distance from the lens 
50A, and produces a diverging incident beam represented by 
the rays 42. The lens 50A produces a parallel emer^ri. 
beam represented by the rays 44, which is incident on a 
Mangin mirror 10 tilted with respect to the optical axis 
of the lens 50A. The Mangin mirror 10 produces a parallel 
emergent beam, represented by the rays 46. The incident 
and emergent beams of the Mangin mirror are symmetrical 
with respect to its axis. The emergent beam is incident 
on the second converging lens 508, which produces a beam 
represented by the rays 48, coming to a focus on the plane 
designated 1 at a finite distance from the lens 50B. 

An alternative copying system is shown in Fig. 4. 
The 8yatem includes a thick Mangin mirror 60 in 
combination with two similar converging systems 70A,70B. 
In the diagram, each converging system is shown as a 
single bi-convex lens. A point object is located on a 
plane 0 at a finite distance from the lens 70A. Light 
r>r^m ,t he. object is incident on the lens and produces a 
rf^krging ... emergent beam represented; in Fig . 4 fey the rays 
'.£01 Thia beam is incident on the Martgin mirror 60, which 
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i8 tilted with respect to the optical axis of the lens 
70 A. The mirror 60 produces a converging emergent beam 
represented by the rays 68. The incident and emerging 
beams of the Mangin mirror are symmetrical with respect to 
its axis. The emergent beam is incident on the second 
converging lens 70B, which produces an emergent bean, 
coming into focus on the plane 1 at a finite distance from 
the lene 70B. 

in each of the copying systems shown in Figures 3 
and 4 the Mangin mirror ia arranged auch that there will 
be no coma (the incident and emergent beams are 
symmetrical with respect to the mirror) and no astig.atiam. 
(for the thin Mangin mirror, the total power is zero, thus 
there is no convergence or divergence, and for the thick 
m irror the power is non zero). It will be appreciated 
that in the case of the system shown in Fig. 4 aberretions 
would also be eliminated if the mirror worked with a 
converging incident and diverging emergent beam. 

Fig. 5 shows- a simple system similar to that of 
FigT 1, but which employs two tilted Mangin mirror comp- 
onents 80, 82. Each Mangin mirror has a mirror coating 20 
on % e convex surface. In each case, the thickness of the 
lenfis small in comparison to the radius of curvature of 
ei^ar face of the Mangin mirror. The system further 
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includes a converging lens 84. 



It will be appreciated that in optical systems of 
the kind described, if the tilt angle of the mirror comp- 
onent is small, the incident and emergent beams overlap 
for a considerable distance from the mirror. There rauat 
therefore be a significant separation between the tilted 
component and the converging component of the system. In 
order to render the system more compact the tilt angle 
must be increased to allow the converging system to appr- 
oach the mirror. However, this necessitates an increased 
tilt of the image plane, which may not be acceptable. The 
system of Fig. b therefore employs two tilted Mengin 
mirrors in order to mitigate the problem of image plane 
tilt. Thus, rays 86 define a parallel incident beam from a 
dietant object (not ahown) which first strikes the Mengin 
mirror 82, from which it is reflected to the second tilted 
Mangin mirror component 80. An emergent beam represented 
by rays 88 from the mirror 80 is incident on the converg- 
ing lens 84 and emerges therefrom to form an image. In a 
modified two-mirror arrangement, one of the mirrors may be 
of a type having reversed curvature, thus with the 
reflecting surface on the concave face. 

The systems previously described give excellent 
correction for longitudinal colour faults. However, such 
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systems do not directly correct for variation of i..g. 
8C ale with wavelength, a fault which arises fro. the need 
for an appreciable separation between the chromatically 
uncorrected tilted Mangin mirror and the remainder of the 
sy stem. Fig- 6 illustrates an alternative optical system 
whl ch eeeke to overcome this difficulty. The system 
comprises a tilted Mangin mirror component 90 together 
wit h s converging lens ayatem 92. The- Mangin mirror 90 is 
formed from two separate elements 90A, 90B which are 
cemented together to form the mirror 90, which has a 
convex surface 94 with a reflective coating 96, and. a 
concave surface 98. The elements 90A, 9 OB are each formed 
fr om s different optical glees, the glaases in this 
examples being chosen to mske the Mangin mirror achromatic 
whilst having zero total power. 

The converging system 92 is also sn achromatic 
system, and is formed from two elements. 

A parellel beam of light from a distant object (not 
shown in the drawing) is represented in Fig. 6 by the 
parallel reys 100. The beam 100 paaaea through the 
components 90A, 90B end is reflected by the coating 96, 
whereupon it passes back through the component and emerges 
as a parallel emergent beam represented by the rays 102. 
Both the incident beam end the emergent beam are 
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symmetrical with respect to the axis of the Mangin mirror 
90. The emergent beam forms a parallel incident beam to 
the converging lens system 92 which focuses the beam at a 
focal plane 104 to produce an image. 

The achromatic Mangin mirror component 90 has 
residual secondary spectrum aberretiona as previously 
described. These may be cancelled by choosing the 
converging achromatic ayetam 92 to have aberrations of the 
opposite sign. The variation of image scale with 
wsvelength is avoided because the coloured rays are not 
separated after reflection at the Mangin mirror. 

There are thus described optical aystems which 
mitigate or obviate the problems of coma, astigmatism and 
chromatic aberration without the use of expensive or 
fragile optical materiala. The optical path is free from 
obstructions, and the tilt angle of the Mangin mirror 
component is not critical. 

It will be appreciated that modifications may be 
made within the scope of the invention. One or more 
tilted Mangin mirror components may be utiliaed without 
departing from the invention as hereinbefore defined, and 
a mirror having its mirror surface on the concave side may 
be used. The Mangin mirror can be formed from two 
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elements cemented together, and each element may be of a 
different materiel. The combination of materials may be 
selected to give any desired properties to the mirror. 
The converging system may take any appropriate form. 
Various optical materials may be used for the converging 
eystam and for the lens component of the Mangin mirror. 
The system can be used for any wavelength for which a 
transparent material is available. 

Whilst endeavouring in the foregoing specification to 
draw attention to those features of the invention believed 
to be of psrticular importance it should be understood 
that the Applicant claims protection In respect of any 
patentable feature or combination of features hereinbefore 
referred to and/or shown in the drawings whether or not 
particular emphasis has been placed thereon. 



t 
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CLAIMS 

1. An optical system comprising at least one tilted 
thin Mangin mirror component having zero total power, the 
or each mirror component being arranged to receive an 
incident light beam from an object and thereby produce an 
emergent light beam, the incident and emergent beams 
being symmetrical with respect to the axis of the mirror 
component, and a converging lens arrangement, the lens 
arrangement receiving the emergent beam from the mirror 
component or componento to form an image. 

2. An optical system according to claim 1 in which the 
Mangin mirror component comprises a single element. 

3. An optical system according to claim 1 in which the 
Mangin mirror component compriaes two elements cemented 
together, each element being of a different optical 
material so that the Mangin mirror is achromatic. 

4. An optical system according to any of the preceding 
claims including a single Mangin mirror having its mirror 
surface on the convex side thereof. 

5. A system according to any of the preceding claims 
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end adapted to receive e parallel incident light bean,. 

6 . A system according to any of the preceding claims 
and including an eyepiece. 
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A system according to any of the preceding claims 
in which the Mangin mirror component and the converging 
lens arrangement are of different optical materials. 

8 . A system according to any of the preceding claims 
including an iris diaphragm. 

9. A system according to any of the preceding claims 
including a plane mirror. 

10. An optical system comprising at least one tilted 
thick Mangin mirror component having non-zero total 
power, the or each mirror component being arranged to 
receive an incident light beam from an object and thereby 
produce an emergent light beam to form an image, the 
incident and emergent light beams being symmetrical with 
redact to the axis of the mirror component, end a 
converging lens arrangement, the. lens arrangement 
reviving the emergent beam from the mirror component or 

. coimftpnenta to form an image.. 



11. A system according to claim 10 in which the Mangin 
mirror component comprises a single element. 

12. A system according to claim 10 in which the Mangin 
mirror component comprises two elements cemented 
together, each element being of a different optical 
material so that the Mangin mirror is achromatic. 

13 . An optical system according to any of claims 10 to 
12 and including a single Mangin mirror having its mirror 
surface on the convex aide thereof. 

1A . A telescope including an optical system according 
to any of the preceding claims. 

15. A photographic lens arrsngement including an 
optical system according to any of the preceding claims. 

U. A copying system including an optical system 
according to any of the preceding claims. 

17 . An optical system substantially as hereinbefore 
described with reference to the accompanying drawings. 

]"'i0i Any novel subject matter or combination including 
rSal subject matter disclosed, whether or not within the 
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scope of or relating to the se.e invention as any Of the 
preceding claims. 



BN80OOD: <OB_ 2»8024*J S 



Patents Act 1977 

jxaminer's report to the Comptroller under 
Section 17 (The Search Report) 


Application number 
GB 9315214 . 8 


Relevant Technical fields 

(i) UK CI (Edition L ) G2J (JB7C11) 


Search Examiner 

MR c or ROSS 


5 G02B 

(ii) Int CI (Edition ) 




Databases (see over) 


Date of Search 


(I) UK Patent Office 


7 SEPTEMBER 1993 


(ii) 

■ — — — t=t 


7 



Documents considered relevant following a search in respect of claims 



Category 
(see over) 



Identity of document and relevant passages 



Relevant to 
cleim(s) 



X 
X 



GB 0812968 



(S.A.A.J.) - see especially 
Figure 2 



EP 0266005 A2 (PHILIPS) - see especially 
page 1 line 42 on 



1 at 
least 

1 at 
least 



SF2(p) 



- doc99\fil002199 




Categories c#$uments 

X; Document irtdiicatino lecJc of novelty or of 
inventive trtep; 

Y- Pocurhen^in^iM^O ^eck of inventive step if 
cbmbinsd V^th on^ior more other documents of the 
seme category. 

sv^eaaMiP 



P: Document published on or after the declared 
priority date but before the filiri'o date of the 
present application. 

E: Patent document published on or after, but with 
priorhY date earlier than, the filing date of the 
present application* 

fit: rvlember of the same p8tent f a mily. 
corresponding document 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□Tfadedjext OR DRAWING 

Q JH^URRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

(StONES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



